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SUMMARY 
During the ripening of sweet or neutralized sour cream in 
laboratory and semi-commercial trials there were some irregu-
larities in the effects of yarious factors on the diacetyl and 
acetylmethylcarbinol contents of the cream, but generally the 
contents were increased by an increase in the acidity to which 
the cream was ripened, by addition of small ·amounts of citric 
acid to the cream and by agitation (shaking in the laboratory 
trials and revolving the coils in the semi-commercial trials) 
during the ripening. In some trials the contents were g'Teatly 
influenced by the use of certain butter cultures, while in other 
trials they " 'ere not. 
In general, as the diacetyl contents increased in the ripening 
cream the acetylmethylcarbinol contents. also increased, but 
there were variatiolL'; from this relationship. 'rhe occasional 
decreases in diacetyl contents often were accompanied by in-
creases in acetylmethylcarbinol contents. 
Some of the ripening procedures used with the cream were 
beneficial from the standpoint of score of the butter under 
certain holding conditions. rrhese procedures included develop-
ment of higher acidities in the cream, addition of citric acid 
to the cream and agitation of the cream during ripening. 
With the semi-commercial churnings the ratios of the di-
acetyl contents of the cream to those of the corresponding butter 
were: minimum 1 :0.142; maximum 1 :0.709; and average 
1 :0.352. With acetylmethylcarbinol the ratios were 1 :0.059 ; 
1 :0.683; and 1 :0.217, respectively. 
'I.'he diacetyl or acetylmethylcarbinol contents of the lots of 
butter in a series sometimes did not follow the same order as 
the contents of the lots of cream from which the butter was 
churned; the irregularities were of various types. 
With the holding of butter 1 week at 36° to 40°F., 3 days 
at 60°F. plus 4 days at 36° to 40°F. or 1 month at 36° to 40°F., 
both increases and decreases in the diacetyl and acetylmethyl-
carbinol contents occurred. With e·ach compound under each 
set of -conditions the increases were more numerous than the 
decreases. After holding 3 days at 60°F. plus 4 days at 36° 
to 40°F., the diacetyl contents were higher in 75 percent of 
the comparisons, and the acetylmethylcat,binol contents were 
higher in 73 percent of the comparisons than in corresponding 
butter held 1 week at 36° to 40°F. 
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Diacetyl and 
Acetylmethylcarbinol 
Production in the 
Manufacture of Unsalted Butter! 
By T. 1. HEDRICK AND B. W. HAMMER 
High-flavored uns·alted butter has increased greatly in com-
mercial importance during reccnt year!>. This type of butter 
is churned for table use from either sweet or neutralized sour 
cream tliat has been ripened to a relatively high acidity after 
pasteurization and -addition of butter culture. It is distinct 
from the unsalted butter used in ice cream mixes and certain 
other products; such butter is made without butter culture 
from cream having a low acidity at churning. 
\Vithout added salt it is necessary that the butter haye a 
high flavor if it is to satisfy consumers. Accordingly, the 
problems with unsalted table butter differ from those with 
salted butter. Absence of salt permits development of acidities 
during cream ripening and holding of the butter which would 
be very objectionable with salted butter because of the proba-
bility of serious chemical defects appearing. Development of 
acidity in the cream favors production of flavor and also limits 
yarious types of bacterial deterioration. 
Since diacetyl is such an import,ant contributant to the dc-
sirable flavor and aroma of butter, the amount of diacetyl can 
be used as an index of flavor deyelopment in cream or butter. 
The common assumption that di-acetyl is formed by thc bio-
logical oxidation of acetylmethylcarbinol suggests the deter-
mination of acetylmethylcarbinol also. While . there may be 
other compounds, for example volatile acicls and esters of fatty 
acids, contributing to butter flavor, information with reference 
to them has not advanced to the point where analyses seem ad-
visable. 
The data reported herein deal (a) with effects of acidity, 
added citric acid, agitation, ripening temper,ature and different 
butter cultures on diacetyl and acetylmethylcarbinol produc-
tion in cream ripened under laboratory conditions and also under 
semi-'commercial conditions; and (b), in the case of butter 
lProject 127 of the Iowa Agricultural Experiment Station. rrhe studies were 
financed in paTt through a grant from bhe Iowa State Braml Oreameries Inc., of 
Mason City, Iowa. 
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made under semi-commercial conditions, with effects of various 
factors on flavor , with ratios of diacetyl and acetylmethylcar-
binol contents of ripened cream and the corresponding butter 
and with changes in diacetyl and acetylmethylcarbinol contents 
of butter during holding under different conditions. 
HIs'rORICAL 
Studies of various investigators have established the im-
portance of diacetyl asa flavor constituent of butter and have 
indicated various factors that influence its production in butter 
cultures by the normal butter culture organisms. The literature 
along these lines has been repeatedly reviewed and is not con-
sidered here. 
The manufacture of butter without salt results in a product 
that from the standpoint of deterioration is definitely different 
from the usual salted butter. In unsalted butter objectionable 
chemical changes are less' likely to OCCllr than in salted butter; 
for example, fishiness is unusual in unsalted butter (5), and 
when it develops excessive amounts of copper often are involved. 
\Vithout the restraining effect of salt, unsalted butter is rela-
tively susceptible to growth of various organisms, ' including 
certain types that have a deteriorating action; however, with 
organisms that are not relatively acid tolerant, the acid present 
in the fresh butter, or produced in it during holding, may 
have a distinct inhibitory influence. 
Minster (7) considered the presence of ,a few lactic acid or-
ganisms in unsalted butter as beneficial, since they tended to 
keep down growth of more objectionable species. 
In unsalted butter held at 69.8°F., Nelson and Hammer (9) 
found large increases in the numbers of butter culture organ-
isms with both plate and microscopic procedures. Striking 
evidence of the growth was the appe,arance of long chains of 
streptococci in the butter. Organisms other than streptococci 
also showed extensive growth. In unsalted butter held at _4°F., 
there were conspicuous decreases in the microscopic counts, the 
individual samples showing decreases from 7 to 98 percent 
(average 74%); the largest decreases occurred with samples 
having the highest counts when they were placed lat _4°F. and 
the smallest decreases with samples having the lowest initial 
counts. 
Slatter and Hammer (14) noted that in unsalted butter made 
from sweet cream with butter culture there commonly was a 
striking production of acetylmethylcarbinol plus diacetyl when 
the butter was held at temperatures permitting activity of the 
butter culture organisms; also, the pH of the butter markedly 
decreased. Production of the carbinol plus diacetyl varied 
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widely with different lots of butter under the same conditions. 
The largest production occurred at the higher holding tem-
peratures ,and in samples which developed the lowest pH values. 
Production usually was greater with a large addition of butter 
culture to the cream than with a small addition, and in some 
cases it was increased conspicuously by ~dding citric-acid-fer-
menting streptococci along with the usual butter culture. 
Occasionally the carbinol plus diacetyl decreased during the 
first few days of holding; this decrease sometimes was followed 
by an increase. Also, a striking production of the 0arbinol 
plus diacetyl sometimes was followed by a decrease. 
Wiley (16) reported that at 400° or 65,oF. deterioration of 
unsalted butter through bacterial action was not delayed by 
the presence of acid in the butter. At 0° or 14°F. the greatest 
deterioration was observed in butter from cream ripened to 
pH 5 (a:boutO.4% acid); butter from cream acidified to the 
same point by addition of pure lactic acid did not deteriorate 
to the same extent. Fat of the butter from the ripened cream 
showed notable oxidation after cold storage, but that from the 
acidified cream did not. In a later study Wiley (17) found 
that acidity, butter culture organisms, salt and low pasteuriza-
tion temperatures each favored oxidation of the f.at of butter 
during cold storage, while diacetyl and acetylmethylcarbinol 
did not. He concluded that the results indicate the presence 
in ripened pasteurized cream and in unripened raw cream of 
a fat-oxidizing enzyme which is most active at low pH values 
(about 5) and high salt concentrations. 
In studies on changes in diacetyl and acetylmethyl0arbinol 
contents of butter at various temperatures, Prill and Hammer 
(13) found that with salted butter which was frozen or at 
36° to 45°F. only slight changes occurred; even at 70°F. the 
contents of the compounds were largely rewined for consider-
able periods. With unsalted ,butter at _10'0 to O°F. the 
changes were relatively slight, but at 36° to 45°F. 01' at 70°F. 
significant changes occurred, both increases and decreases being 
involved. 
GENERAL PROCEDURE 
Trials were carried out both in the bacteriologic,al laboratory 
and in the ibutter manufacturing plant of the Iowa State Col-
lege, although even in the latter case the trials were on a rela-
tively small sc,ale (semi-commercial). The general methods 
employed in the two types of trials are as follows: 
LABORATORY TRIALS 
The cream was pasteurized in the regular oper,ations of the 
butter plant, a 300·gallon vat and 150°F. for 30 minutes 
being employed. 'rhe butterfat contents ranged from 32 to 37 
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percent. 'rhe sweet cream had an initial acidity of 0.20 percent 
or less; after pasteurization it ,,-as neutralized (at about 120° F.) 
to approximately 0.10 percent acid with sodium sesqui-carbonatc. 
'rhe sour cream had an initial ,acidity of 0.40 to 0.50 percent; 
before pasteurization this was reduced (at about 90°F.) to 
0.25 percent with "Alkali Special" and after pasteurization 
the reduction was contin.ued (at about 120°F.) to 0.15 percent 
witll sodium sesqui-carbonatr. 'rhc cream was cooled to 36°F., 
and a portion was removed to a container that had been thor-
oughly steamed. Five percent butter culture by weight was 
added, and then SOO-gram portions of the mixture were put into 
:;terile quart jars having glass tops. 'rhe portions were warmed 
to the desired ripening temperatures and incubated at such 
temperatures until the desired acidities had developed. In order 
to avoid agitation of the SOO-gram portions during the ripening, 
which would influence the diacetyl contents by incorporating 
air, a 250-gram portion of the mixture, in a pint bottle, was 
held at each of the ripening temperatures and used to follow 
the increase in acid. When the desired acidity was reached in 
a 250-gram portion, 300 grams were removed from the SOO-
gram portion and the various analyses made. The remaining 
500 grams were churned in a small laboratory churn, but the 
difficulty of controlling the operation resulted in such irregu-
larities in the retention of butteTmilk in the butter that the 
data ate not considered in detail. 
SEMI-COMMEiWIAL TRIALS 
The cream was pasteurized in the regular operations of the 
butter labor.atory, either in a 300-gallon vat at 150°F. for 30 
minutes or with a vacreator (2) using a temperature of 19SoF. 
and a final vacuum of about 2S inches. Fat contents, acidities 
and neutralization procedures were essentially the same as ,,,,ith 
the cream employed in the laboratOTy trials. The pasteurized 
cream was cooled to 36°F. 
FOT each churning 150 pounds o,f cream was transferTed to 
a small vat, and 5 percent butter culture by weight was added. 
Usually the mixture of cream and culture was heated to the 
ripening temperature and held over night, but in triaLs on 
€lff'ect of temperature the ripening period varied. The cream 
increased in temperature (sometimes as much ,as 10°F.) during 
the ripening. When the ripening was complete the temperature 
was lowered for churning to approximately 48°F., and a sample 
was taken for the vaTious analyses. 
Each lot of cream was churned in a small single roll churn 
having a normal capacity of about 60 ponnds of butter. The 
cream was churned until the butter granules were about the 
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size of peas. After draining the buttermilk, the granules were 
rinsed with water until the water from the drain did not have 
a milky appearance. Two washings with water &bout 5°F. colder 
than the buttermilk were employed. The free moisture was 
drained, and an attempt was made to incorporate approximately 
] 7 percent moisture in the finished butter. 
Several I-pound samples of butter were taken from each 
churning and wrapped in parchment paper. These were held 
under different conditions for various periods and then ex-
amined. 
ANALYTICAL METHODS 
ACID AND pH DETERMINATIONS 
Acid determinations were made by titrating 9 grams of cream 
without dilution, using 0.1 normal sodium hydroxide and 
phenolphthalein; results were calculated as lactic acid to the 
nearest 0.01 percent. pH determinations were made with a 
potentiometer, a modified quinhydrone electrode and a calomel 
half-cell; values were calculated to the nearest 0.01 of a pH unit. 
DJACETYL AND ACETYLMETHYLCARBINOL DETERMINATIONS 
Cream and butter were analyzed for diacetyl and acetyl-
methylcarbinol by the colorimetric method of Prill and Ham-
mer (10), with a few minor modifications used by Hoecker 
and Hammer (4). Also, the color intensities were · determined 
with a Klett-Summerson photoelectric colorimeter. Results were 
recorded as parts per million (p.p.m.) of diacetyl or acet~'l­
methylcarbinol. Actually the p.p.m. of acetylmethylcarbinol 
represent acetylmethylcarbinol plus di acetyl , but since the 
amount of diacetyl is insignificant compared to the amount of 
carbinol, this procedure did not materiall~T affect the acetyl-
methylcal'binol values. 
EXPERIMENTAL 
EFFEC'l'S OF VARIOUS FACTORS ON DIACETYL 
AND ACETYLMETHYLCARBINOL CONTENTS 
OF RIPENED CREAM 
EFFECT OF RIPENING CREAM TO VARIOUS ACIDITIES 
LABORA'l'ORY TR.IALS 
Results of 36 trials on sweet cream ripened to various acid-
ities ,at temperatures from 50° to 70°F. are given in table 1. 
Each trial included either three or four acidities; in six trials 
a mixture of cream and culture also was held at 32°F. for a 
normal ripening period. 
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As the acidity of the cream increased, the diacetyl content 
increased in 29 trials (81'%), and the acetylmethylcarbinol 
content increased in 32 trials (89'%). Most of the increases 
were significant, but some of them were very small. Both di-
acetyl and .acetylmethylcarbinol increases were small in the 
pH range of 6.5 to 5.5. 
The diacetyl ,content decreased in two trials (6%). 0ne of 
the decreases was small, from 0.57 to 00.44 p.p.m.; the other was 
larger, from 0.46 to 00.19 p.p.m., and may have been caused by 
an abnormal culture. 1'he acetylmethylcarbinol content also 
decreased in two trials (61%), the decrease being large in each 
case; one of the decreases was in a trial that showed a decrease 
in dilLcety I content. 
An increase in diacetyl content followed by a decrease oc-
cm"red in three trials (~%). 0ne of the decreases was small, 
being 0.15 p.p.m. ; and one was rather large, being 0.46 p.p.m. 
In the three trials corresponding , changes in acetylmethylcar-
binol did not occur, but in another tri,al (31%) the carbinol 
content increased and then decreased very slightly, from 29.8 
to 29.0 p.p.m. 
There was ian increase in diacetyl ,content, then a decrease and 
finally an increase in two trials (6 %) and a similar series of 
changes in carbinol in one trial ('3%). The decreases were 
small in all cases, and in qne of the changes in diacetyl the final 
increase was large. 
The diacetyl contents of the six lots of cream plus butter 
culture held during a normal ripening period at 32°F. I;anged 
from 00.12 to 0.28 p.p.m. with an ,average of 0.22 p.p.m.; the 
acetylmethylcarbinol contents varied from 3.5, to 16.5 p.p.m. 
and averaged 10.6 p.p.m. 
Table 2 gives results of three trials on neutralized sour cream 
ripened to various acidities at temperatures from 58 0 to ,62°F. 
Three ,acidities were used in each of two trials, and four acid-
ities were employed in one trial; in each trial a mixture of 
cream and culture was held at 32°F. for the normal ripening 
period. 
An increase in acidity resulted in an increase in diacetyl 
and ,also in acetylmethylcarbinol in each case. The increases 
in diacetyl regularly were conspicuous, ,and in two of the trials 
the increases in acetylmethylcarbinol were large. 
'rhe diacetyl and acetylmethycarbinol contents of the three 
lots of neutralized sour cream plus, butter culture held at 32°F. 
g'enerally were higher than those of sweet cream plus culture, 
the average diacetyl content being 0.42 p.p.m. (range from 0.35 
to 0.55 p.p.m.) compared to 0.22 p.p.m. for the sweet cream and 
the average carbinol content being 22.1 p.p.m. (r,ange from 
20.9 to 23.3 p.p.m.) compared to 10.6 p.p.m. for the sweet cream. 
'1'his relationship probably is explained by the development of 
the two compounds during the souring of the cream. 
SEMI· COMMERCIAL 'l'RIALS 
Results of 10 trials on cream (seven on sweet cream, three 
on sour neutralized cream) ripened to various acidities at tem-
peratures from 50° to 55°F. are presented in table 3. Three 
acidities were employed in three of the trials with sweet cream 
and two acidities were used in the remaining trials. In two 
trials with sour cream, determinations were made on the cream 
just after pasteurization and again after the addition of culture. 
With an increase in 3;Cidity there was an increase in diacetyl 
in nine trials (901%) and in acetylmethylcarbinol in seven trials 
(70%). Some of the increases were small. The diacetyl de-
creased in one trial (10%), the drop being from 1.88 to 1.49 
p.p.m. with ,a change in acidity from 0.37 to 0.49 percent. The 
acetylmethylcarbinol decreased in three trials (30%), in one 
instance after a striking increase. Two of these trials involved 
sour cream in which the citric acid may have been completely 
fermented; the cream had relatively high diacetyl and acetyl-
methylcarbinol contents before the addition of butter culture, 
containing 0.21 p.p.m. diacetyl and 21.7 p.p.m. acetylmethyl-
carbinol in one trial and 0.56 and 29.8 p.p.m., respectively, in 
the other. With no citric acid present reduction of diacetyl 
and acetylmethylcarbinol by the citric-acid-fermenting or-
ganisms in butter cultures would be expected. 
EFFECT OF ADDED CITRIC ACID 
In the trials involving addition of citric acid to the cream, 
the acid was added as a sterile aqueous solution at the time of 
inoculating the butter culture. 
LABORA'l'ORY TRJALS 
Fourteen trials were c,arried out in which sweet cream was 
ripened with and without added citric acid to about the same 
acidity at temperatures from 54° to 60 °F.; the amount of citric 
acid used was 0.05 percent except in one trial where it was 0.10 
per,cent. Table 4 gives the results. 
Addition of citric ,acid resulted in a higher diacetyl content 
in all the trials (100%) and in a higher ,acetylmethylcarbinol 
content in 1'2 trials (86%). With both diacetyl and acetyl-
methylcarbinol some of the increases were very small. 
Eight trials were carried out in which neutralized sour cream 
was ripened with and without citric acid to about the same 
acidity at temperatures from 58° to 63°F.; in six of the trials 
three quantities of citric acid were used and in two tri,als only 
one quantity was employed. The results are given in table 5. 
In six trials (75'%) added citric acid resulted in an increase 
ill tlJC diacetylcontent that, in the four trials involving three 
amounts of acid, was roughly in proportion to the amount 
added. In one trial (12.5%) 0.05 and 0.10 percent added citric 
acid did not increase the diacetyl content but 0.15 percent did, 
and in one trial (12.5,%) 0.10 and 0'.15 percent added acid 
gaye the same diacetyl content. The ·added citric acid regularly 
in.creascd the acetylmethylcarbinol content, and in the trials 'in 
\,:hich three amounts were used the increase was roughly in 
proportion to the amount added. 
SEMI· COMMERCIAL 'l'RIALS 
Data on seven trials (four on sweet cream and three on neu-
tralized sour cream) in which cream was ripened with and 
without added citric acid (0.05~%) to about the same acidity 
at temperatures from 5{)0 to 54°F. are g'iven in table 6. 
'rhe added citric acid increased the diacetyl content in six 
comparisons (861%). The increases varied widely, with three 
of them 'being 0.20 p.p.m. or less. The one decrease in diacetyl 
content was very small, being 0.13 p.p.m. Added citric acid 
increased the acetylmethylcarbinol content in three comparisons 
(43·%), the increases ranging from 12.8 to 34.8 p.p.m. In one 
trial (H%) the carbinol content was the same with and without 
added citric acid. In the three comparisons (43%) in which 
addition of the acid resulted in a decrease in the carbinol con-
tcnt, the decre·ases ranged from 4.0 to 15.8 p.p.m. 
EFFECT OF AGITA'l'ION DURING RIPENING 
LABORATORY 'l'RJALS 
In nine trials (seven with sweet cream and two with neutral-
ized sour cream) cream was ripened with and without agitation 
at 600, 63° or 70° F. Cream held at 60° or 63° F. was agitated 
three times during the ripening and that held at 70°F. was 
agitated every hour for 3 or 4 hours. Table 7 gives the data. 
In each of the trials the di&cetyl ·and acetylmethylcarbinol 
contents of the agitated cream were much higher than those of 
the unagitated cream. Essentially the same acidity developed 
with and without agitation. 
'l'ne effect of agitation with added citric acid was studied in 
six trials (four with sweet cream and two with neutralized sour 
cream). One-tenth percent citric acid was used, and the ripen-
ing temperature was 60'°, 63° or 70'°F. The results are pre-
sented in table 8. 
As without addition of citric acid, agitation greatly increased 
both the diacetyl and acetylmethylcarbinol contents. It had no 
appreciable effect on the acid development. 
SEMI'COMMEROIAL TRIALS 
Five trials were carried out (three with sweet cream and 
two with neutralized sour cream). 'l'he cream with the butter 
culture added was placed in the vats late in the afternoon and 
ripened over night. The next morning, approximately 3 hours 
before the ripening was complete, tihe cream was agitated by 
revolving the coils for one-half hour. Since the vats were only 
one-third full, the agitation was relatively vigorous. The data 
are given in table 9. 
As in the laboratory trials the diacetyl and acetylmethylcar-
binol contents were greatly increased by the agitation. The acid 
development was not appreciably influenced. 
EFFECT OF RIPENING TE,'MPERATURE 
LABORATORY TRIALS 
In 18 trials sweet cream wa. ripened at 50°, 60° and 70°F. 
For each trial cream containing culture was warmed to these 
temperatures and ripened in constant temperature incubators 
to approximately the same acidity. The ripening periods varied 
from 5 to 45 hours, depending on the temperature and on the 
degree of acidity desired. Determinations of diacetyland ace-
tylmethylcarbinol were made soon after the desired acidity was 
reached. Table 10 presents the data. 
'l'he highest diacetylcontent developed at 50°F. and the low-
est diacetyl content at 70°F'. in 14 (78%) of the trials / the 
same relationship occurred with acetylmethylcarbinol in 11 
trials (61 %). Both diacetyl and acetylmethylcarbinol produc-
tion were highest at 50°F. and lowest at 60°F. in two trials 
(11 %). The highest diacetyl content was produced at 60 °F. 
and the lowest at 70°F. in one trial (6:%), and the same rela-
tionship occurred with the cal'binol content in five trials (28%). 
Diacetyl production was highest at 70°F. and lowest at 60°F. 
in one trial (6%). Variations in acetylmethylcarbinol produc-
tion at the three ripening temperatures were small and 
definitely less on a percentage basis than variations in diacetyl 
production. 
SEMI·COMMERCIAL TRIALS 
Since it wa,> impossible to control the ripening temperature 
adequately in the small vats, cream containing culture was 
warmed to the desired temperature and then drawn into 10-
gallon cans. The cans were held in a refrigerator at about 
the desired temperature until the desired acidity was" reached. 
The temperature comparisons regularly involved cream ripened 
at 62° and 70°F. to about the same acidity; 55°F. was used 
only once because it required such ,an extended ripening period. 
~qual diacetyl nn(l acetylm.ethylcarbinol values are not consid ered separately. 
but are fitted into the general statements. 
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On reaching the desired acidity, cream ripened at 70°F. was 
cooled by placing the cans in ice water and stirring; after 
reaching 45°F. the cream was held over night at 36° to 40°F. 
'l'he next morning the cre·am was warmed to 48 °F. and churned. 
'rhe cream ripened at 62°F. reached the desired acidity after 
ripening over night. rrhe cans were placed in ice water, cooled 
to 48°F. and the cream then churned. F ·our trials were carried 
out, three with sweet cream and one with neutralized sour 
cream. Table 11 presents the data. 
Diacetyl production in the cream ripened at 62 °F. was larger 
than in cream ripened at 70.° F. in two trials (501%) and smaller 
in two trials (50%). Acetylmethylcarbinol production showed 
similar vari,ations. 'rhe differences in · production of diacetyl 
and acetylmethylcarbinol in a comparison commonly were small, 
but in one trial involving a relatively low acidity the differences 
were large. Ripening at 55°F. gave slightly lower diacetyl and 
acetylmethylcarbinol contents in the one trial in which it was 
used. 
In three trials a special vat of cream was ripened along with 
the cream used for the temper,ature comparisons; the treatment 
of the cream consisted of adding 0.1 percent citric acid and 
agitating during the ripening over night to an acidity of 0.45 
percent. Diacetyl and acetylmethylcarbinol production in this 
cream was much larger in each trial than in the cream ripened 
at either 70°F. or 62°F. 
EFFECT OF DIFFERENT BUT'l'ER CUL'fURES 
In various trials, both laboratory and semi-commercial, dif-
ferent butter cultures were employed to ripen cream, which 
sometimes was sweet and sometimes was sour. In certain trials 
the cultures came from plants receiving commercial cultures 
from the same laboratory, and in other trials they came from 
plants receiving commercial cultures from different laboratories. 
The cultures from the plants were transferred, usually twice, 
to have them in an ,active condition before they were inoculated 
into the cream. In e81ch trial an attempt was made to have the 
different cultures develop essentially the same acidity in the 
cream, and the general conditions of ripening were kept uni-
form except that the incubation periods necessarily varied be-
cause of differences in the rates of acid development by the cul-
tures. 
The diacetyl and acetylmethylcarbinol contents developed by 
the different cultures varied rather widely in some trials and 
were rather uniform in others. When the same cultures were 
used in several trials they did not always rank the same on 
the basis of production of diacetyl or acetylmethylcarbinol, and 
the variations were not explainable on the basis of the slight 
differences in acidities of the ripened cream. Also, with the 
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same ,cultures being used in several trials, all of them sometimes 
showed relatively high values in a trial and sometimes relatively 
low values, 
RELATIONSHIP OF DIACETYL AND ACETYLME'rHYLCARBINOL 
CONTENTS OF RIPENED CREAM 
In general, as the diacetyl increased during the ripening of 
cream the acetylmethylcarbinol also increased, but in some in-
stances an increase in diacetyl was accompanied by a decrease 
in the carbinol, Commonly, increases in diacetyl and acetyl-
methylcarbinol were in the same general proportion, but again 
there were exceptions to this relationship, The occasional de-
creases in diacetyl often were accompanied by increases in 
acetylmethylcarbinol, and when there was no change in diacetyl 
there often was an increase in the carbinol, 
EFFECT OF VARIOUS RIPENING PROCEDURES 
ON FLAVOR OF UNSALTED BUTTER 
Much of the unsalted butter made under semi-commercial 
conditions from cream ripened with various llrocedures was 
scored for flavor after 1 week at 36° to 40 °F.; after 1 month 
at 36° to 40°F.; and after 6 months at _10° to O°F. Usually 
t,vo judges3 scored the butter without knowledge of its identity, 
but in a few instances only one judge was available. Since the 
scoring of unsalted butter is not well standardized, comparative 
scores rather than absolute scores are given. 
EFFECT OF RIPENING ACIDI'rY 
AFTER 1 WEEK AT 36° TO 40°F. 
Ripening the cream to the higher of the two acidites used in 
each trial gave butter which scored 0.25 to 0.75 of a point higher 
than that from the cream ripened to the lower acidity in five 
(71 %) of the seven trials. There was no difference in score 
in one trial (14%) in which the acidities of the two lots of 
cream differed only 0.04 percent (0.31 and 0.35%); both lots 
of butter were criticized as tallowy and this off-flavor probably 
tended to mask the desirable flavor. With the higher acidity 
the butter scored 0.25 of a point lower in one trial (14%) in 
which the difference in acidities of the two lots of cream was 
small although both were relatively high (0.48 and 0.51%). 
In the two trials in which the lots of cream had the greatest 
differences in acidity, 0.08 percent (0.38 and 0.46%) and 0.12 
percent (0.37 and 0.49 %), variations in the scores of the butter 
'Dr. N. E. Fabricius and Dr. H. C. Olson did mucl, of the scoring. 
were the largest, being 0.75 of a point higher in each case with 
the higher cream acidity. 
AF'l'ER 1 hlON'l'II A'l' 36° '1'0 40 °F. 
With the higher acidity the butter scored 0.25 to 0.5 of a 
point higher in three trials (43 % ). No difference in score was 
noted in two trials (29 % ). With the higher acidity the butter 
scored 0.5 of a point lower .in two trials (29 %). ' After the 
holding the scores were 0.25 to 1.5 points lower than after only 
1 week at 36 ° to 40°F. except in one instance in which the score 
of the butter made from the higher acid cream increased 0.25 
point. 
AFTER 6 MONTHS AT - 10° TO O°F. 
Ripening to the higher acidity gave butter which scored from 
0.25 to 0.75 of a point higher in all the trials (100 % ). Fol-
lowing the holding the scores usually were 0.25 to 2.5 points 
lower than after 1 week at 36 ° to 40 °F., but there were increases 
in score (0.5 to 1.0 point ) in three instances, one involving 
butter from the lower acid cre·am and two involving butter 
from the higher acid cream. 
EFFEC'l' OF ADDED CITRIC ACID 
AF'l'ER 1 WEEK A'l' 36°TO 40°F. 
Addition of citric acid to the cream before ripening resulted 
in a score increase of 0.25 to 0.5 of a point in four (57 % ) of the 
seven trials. No difference in score was noted in three trials 
(43 70 ); in two of these SOlli' cream was used and various ofl'-
fLayors tended to mask the desirable flayor, while in the other 
addition of citric acid resulted in such a slight flavor improve-
ment that no higher score was given. 
AFTER 1 MON'l'H AT 36 ° '1'0 40 0 ~, . 
With added citric acid there was a score improvement of 
0.25 to 0.75 of a point in six trials (86 % ). 'l'here was no dif-
ference in score in one trial (14% ). Following the holding the 
scores commonly were 0.25 to 2.0 points lower than after only 
1 week at 36° to 40 °F., but with three lots of butter, one made 
without acid added to the cream and two made with added 
acid, the scores increased from 0.25 to 0.75 of a point. 
AFTER 6 MONTHS AT - 10° TO O°F. 
Addition of citric acid resulted in a score increase of 0.5 to 
0.75 of a point in six trials (86 %) . It resulted in a score de-
crease of 0.5 of a point in one trial (14%) . After the holding 
the butter usually scored 0.5 to 2.25 point.'l lower than after 
1 week at 36 ° to 40°F. , although in three instances, one in-
yolving butter made without acid added to the cream and two 
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involving butter made with ,added acid, the scores increw,;ec1 
from 0.5 to 1.25 points. 
EFFEC'l' OF AGITATION DURING RIPENING 
AF'l'ER 1 WEEK AT 36°'1'0 40°F. 
Agitation of the cream during ripening gave a score increase -
of 0.25 to '0.75 of a point in three (60%) of the five trials. 
There was no difference in score in two trials (40%); this may 
have been due to off-flavors in the butter which tended to mask 
the desirable flavor. 
AFTER 1 hlON1'II AT 36° '1'0 40°F. 
,Vith agitation of the cream there was a score incl'em;e of 
0.5 to 0.75 of a point in two trials (40%). No difference in 
score occurred in two trials (40%); there seemed to be a ten-
dency for some of the butter from agitated cream to haye a 
slight oxidized flavor. Agitation resulted in a score decrease 
of 0.25 of a point in one trial (20%) . After the holding the 
butter commonly scored 0.25 to 1.5 points Imyer than after 
only 1 week 'at 36° to 40°F., but in two instances, one involving 
butter from unagitated cream and one involving butter from 
agitated cream, there were score increases; these ,,-ere 0.25 and 
0.75 of a point. 
AF'l'ER 6 hlON'I'nS A1' - 10 ° '1'0 O°F. 
Ag'itation of the cream resulted in a score increase in four 
trials (80%); three of the increases were 1.0 point, and the 
other was 0.25 of a point. '1'here was no difference in score in 
one trial (20%). Following the holding the scores were 0.25 
to 2.0 points lower than aiter 1 week at 36° to 40°F. 
EFFEC'l' OF RIPENING TEMPERATURE 
AF'l'ER 1 WEEK AT 36°'1'0 40°F. 
Ripening of the cream at 62°F'., rather than at 70°F., gave a 
score increase of 0.25 to 0.75 of a point in t,,-o (5()i%) of the 
four trials. There was no differepce in score in one trial (25,%). 
Ripening at 62 °F. resulted in a score decrease of 0.5 of a point 
in one trial (25%). 
AFTER 1 hlON'I'n A'1' ·36° '1'0 40°F. 
With ripening at 62°F. there was a score increase of 0.5 
to 0.75 of a point in each of the three trials (100%) . Following 
the holding the butter scored from 0.25 to 0.75 of a point lower 
than after only 1 week at 36° to 40°F. except in two cases in-
volving butter made from Cl'eam ripened at 62°F.; in one <Af 
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these cases there was no change in score while m the other 
there was a score increase of 0'.25 of a point. 
AF'l'ER 6 MON'l'lIS A'l' - 10 ° '1'0 O°F. 
Ripening at 62°F. gave a score increase of 0'.5 of a point in 
each of two trials (50'%). It gave a score decrease of 0'.75 and 
1.0' point in two trials (50%). After the holding the scores 
were 1.0' to 2.75 points lower than after 1 ,yeek at 36 ° to 4Q o F . 
m;NERAL RESULTS 
The general effects of the various crea.m ripening procedures 
on the flavor of the unsalted butter are shown in the following 
summary: 
Butter held 
1 'reek 
I 
1 month /6 months 
36° to 36° to __ ]0° to 
Factor studied 40°F. 40°F. O°F. 
No. of trials showing 
changes 
Ripening acidity 
Higher acidity gave higher SCOI'e 5 3 7 
Higher acidity gave same score 1 2 0 
Higher acidity gave lower score 1 2 0 
Total 7 7 7 
Addition of citric acid to cream 
Citric acid gave higher SCOl'e 4 6 6 
Citric acid gave same score 3 1 a 
Ci tric acid gave lower score 0 0 1 
Total 7 7 7 
Agitation during ripening of cream 
Agitation gave higher score 3 2 4 
Agitation gave sa me score 2- 2 1 
Agitation gave lower score a 1 0 
'rotal 5 5 5 
Ripenillg temperatUl'e, 62° and 70°F. 
62°F. gave higher score 2 3 2 
62°F. gave same score 1 0 0 
62°F. gave lower score 1 0 2 
Total 4 3 4 
The data in the summary, together with the actual differ-
ences m scores of ,comparative lots of butter, were analyze(l 
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with the usual statistical methods, and the results used in the 
interpretations. In some of the comparisons a particular ripen-
ing procedure evidently was beneficial from the standpoint of 
the score of the butter under certain holding conditions, while 
in others it was not. 
The higher acidity in the cream was especially useful with 
the butter held 6 months at _10° to O°F. and was of some 
value with the butter held 1 week at 36° to 40°F.; it was of 
little value with the butter held 1 month at 36° to 40 °F., pre-
sumably because during this holding there was an opportunity 
for extensive growth of the butter culture organisms. Addition 
of -citric acid apparently had a desirable effect under all the 
holding conditions, as would be expected since this compound 
is a source of flavoring constituents of butter. Agitation had 
its most desirable effect with the butter held 6 months at _10° 
to O°F. and ' its least desirable effect with the butter held 1 
month at 36° to 40°F. Ripening at 62°F., rather than 70°:B'., . 
evidently had no desirable effect with the butter held 6 months 
at _10° to O°F. or 1 week at 36° to 40°F., but was definitely 
beneficial with the buttcr held 1 month at 36° to 40 °F. 
RATIOS OF DIACETYL AND AOETYLMETHYLCARBINOL 
CONTENTS OF THE RIPENED CREAM AND OF 
THE CORRESPONDING BUTTER 
With 74 semi-commercial churnings (some not included in 
tables) the Il1(inimum, m3..c'{imum and average ratios of the 
diacetyl and the acetylmethylcarbinol contents of the ripened 
cream and of the corresponding butter are as follows: 
Ratio of content of cream to 
content of buttm' 
Minilllum ~luxilltllm Average 
Diacetyl 1 :0.142 1:0.709 1: 0.352 
Acetylmethy lcurbinol 1 :0.059 1: 0.683 1:0.217 
The average ratio was considerably higher with diacetyl than 
with ;acetylmethylcarbinol; the less significant minimum and 
maximum ratios also· were higher with diacetyl. 
When the data are divided into groups on the basis of the 
factor whose effect on the diacetyl and acetylmethylcarbinol 
contents of ripening cream was being studied, the following 
values are obtained: 
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Ratio of cOlltellt of crcalll to 
l<'actur studied No. COil tent of butter 
trials 
I I Minimum Maximum Average 
Ripellillg acidity 23 
Diacetyl 1: 0.16± 1: 0.652 ] : 0.390 
Acety llllcthylcarbillul 1: 0.065 1: 0.385 1: 0.213 
Aaded titric acid 14 
Diacetyl 1: 0.142 1: 0.5±7 ] : 0.328 
Accty InlCthylwrbillul 1: 0.105 1: 0.625 1: 0.215 
" 
."gita tiol! 10 
Diacetyl 1 :0.16;) 1 :0.39:' 1: 0.300 
Accty llllcthylcaruillul 1 :0.059 1: 0.297 1 :0.179 
Ripenillg tCIII pCnt tnrc 12 
Diacetyl 1: 0.206 1 :0.709 1: 0.388· 
Acetyllllcthy!carbillol 1: OJ 07 1: 0.683 1: 0.24,l 
Different buttcr culturcs 15 
Diacetyl 1: 0.210 1: OA86 1 : 0.322 
Acetylmethylca rbinol 1: 0.152 1 :0.391 1: 0.227 
With each of the groups the average ratio was considerably 
higher with diacetyl than with acetylmethylcarbinol. There 
was reasonably close agreement bebyeen the values for the dif-
ferent groups; the lowest average ratio for both diacetyl and 
the carbinol occurred when the effect of agitation was investi-
gated. 'l'he minimum and maximum ratios also ,,"ere higher with 
diacetyl than with the carbinol except in the case of the max-
imum values when the effect of added citric acid was studied; 
ahw, there was little difference between the minimum values 
for diacetyl and 'acetylmethylcarbinol when the effect of added 
citric acid was investigated and little difference · between the 
maximum values when the' effect of ripening temperature was 
st udied. 
As already indicated the difficulty in controlling the ch UI'll-
ing of small volumes of cream in the laboratory resulted in such 
irregularities in the retention of buttermilk in the butter that 
the data are not' considered in detail. This irregularity is 
suggested by the following ratio-'S of the diacetyl and acetyl-
methylcarbinol contents of the cream and of the butter with 
309 laboratory churnings (some not included in tables) : 
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l~atio of content of ere:un to 
co nten t of butter 
Minimum Maximum Average 
Diacetyl 1 :0.111 1:2.080 1 :0.725 
Aeet."lmethylc3rbinol 1: 0.054 1: 0.961 1: 0.339 
The aver·age ratios are considerably higher than with the 74 
semi-commercial churnings; the maximum ratios also are higher 
while the minimum ratios are slightly lower. 'l'he values regu-
larly were higher for diacetyl than for the carbinol. 
OHANGES IN DIACETYL AND ACETYLMETHYLCARBINOL 
CONTENTS DURING HOLDING OF BUTTER 
As would be expected from the variations in the ratios of 
diacetyl and acetylmethylcarbinol contents of ripened cream 
and of the corresponding butter, the diacetyl and acetylmethyl-
carbinol contents of a series of lots of butter sometimes did not 
follow the same order as the contents of the lots of cream from 
which the butter was churned. The irregularities were of all 
possible types. In some cases the diacetyl or acetylmethylcar-
binol content of a lot of butter was lower than that of an earlier 
lot in the series although the content of the cream was higher. 
In other cases a value for diacetyl or acetylmethylcarbinol wa.r; 
lower than the values on the lots preceding and following it in 
the series, even when there was no drop in the value for the 
cream. Still other types of variations occurred. Because of 
these irregularities the diacetyl and acetylmethylcarbinol con-
tcnts. of the lots of butter are not given in detail. The diacetyl 
contents of the semi-commercial churnings of butter ranged 
from 0.16 to 1.46 p.p.m., while the acetylmethylcarbinol con-
tents varied from 2.9 to 24.0 p .p.m. 'l'hc highest values for 
both diacetyl and acetylmethylcarbinol were obtained on a Mt 
of butter made from c~eam ripened with agitation after addition 
of 0.1 per,cent citric acid. Consider,ably higher values for diac-
etyl and acetylmethylcarbinol were obtained on butter from 
the laboratory churnings, but these undoubtedly were influenced 
by a high r etention .of buttermilk. 
Changes in the diacetyl and acetylmethylcarbinol contents 
of butter during holding are of importance because of their 
probable relationship to development or disappearance of flavor. 
Changes in the contcnts of some of the semi-commercial churn-
ings during 1 weck at 36° to 40°F., during 3 days at 60°F. 
plus 4 days at 36° to 40°F. and during 1 month at 36° to 40°F. 
are shown in thc following summary: 
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Holding conditions 
13 days 60 0 F'1 Compound and type 1 week plus 4 days' 1 month 
of change 36° to 40° F. 40°F. 36° to 40°F. 
No. of samples showing 
changes 
Diacetyl 
Increases total 47 45 39 
0.10 p .p.m. or less 11 5 6 
.11 to .20 p.p.m. 9 7 6 
.21 to .30 p.p.m. 17 6 7 
.31 to .92 p.p.lll. 10 27 20 
No change total 2 0 0 
Decl'eases total 7 11 4 
0.10 p.p.m. or less 2 6 1 
.11 to .20 p.p.m. 2 1 2 
.21 to .30 p.p.m. 0 0 1 
.31 to .78 p.p.m. 3 4 0 
Acetylmethylcarbinol 
Increases total 38 37 29 
1.0 p.p.lll. or less 7 3 4 
1.1 to 3.0 p.p.m. 21 9 12 
3.1 to 7.0 p.p.m. 9 11 11 
7.0 to 23.0 p.p.m. 1 14 2 
No change total 0 0 1 
Decreases total 18 18 14 
1.0 p.p.m. or less 5 4 2 
1.1 to 3.0 p.p.m. 11 6. 9 
3.1 to 7.0 p.p.m. 2 4 3 
7.1 to 11.5 p.p.m. 0 4 0 
Under each set of holding conditions, both increases and de-
creases occurred in the diacetyl contents and also in the acetyl-
methylcarbinol ,contents; while. some of the changes were too 
small to be of significance, others were relatively large. With 
each compound under each set of conditions the increases were 
more numerous than the decreases. 
Because of the possibility of ripening butter to increase the 
diacetyl and acetylmethylcarbinol contents and improve the 
flavor, just as cream is ripened, the diacetyl and acetylmethyl-
carbinol contents of butter held 3 days at 60 °F . plus 4 days at 
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36° to 40·F. and of butter held 1 week at 36° to 40° were com-
pared. The results are given in the following summary: 
Diacetyl 
No. 
trials 
Acetylmethy.lcarbinol 
Higher values with some holding at 60°F. 
Increases total 
0.10 p .p.m. or less 
.11 to .20 p.p.m. 
.21 to .30 p.p.m. 
.31 to .69 p.p.m. 
42 
19 
10 
8 
5 
Increases total 
1.0 p.p.m. or less 
1.1 to 3.0 p.p.m. 
3.1 to 18.2 p.p.m. 
Same vahw with some holding at 60°F. 
Total 1 Total 
Lower valttes with some holding at 60°F. 
Decreases total 13 Decreases total 
0.10 p.p.m. 01' less 7 1.0 p.p.m. or less 
.11 to .20 p.p.ll1. 3 1.1 to 3.0 p.p.m. 
.21 to .30 p.p.m. 0 3.1 to 12.8 p.p.m. 
.31 to .64 p.p.m. 3 
No. 
tdals 
40 
8 
12 
20 
4 
11 
0 
4 
7 
The summary shows that the short holding at 60°F. resulted 
in a higher diacetyl content in 42 (75%) of the 56 trials, no 
change in one trial (2%) and a decrease in 13 trials (23%). 
The acetylmethylcarbinol content was higher in 40 (73%) of 
the 55 trials, the same in 4 trials (7%) and lower in 11 trials 
(20%) . 
DISCUSSION 
Since production of diacetyl and acetylmethylcarbinol in 
ripening ,cream is brought about by action of the butter culture 
organisms and is influenced by a number of factors, some vari-
ation in the results of comparwble trials would be expected, 
just as with many other biological processes. Differences in the 
activities of the various butter cultures and in the citric acid 
contents of the cream, especially sour cream where some of 
the citric acid probably is destroyed during the souring, may 
have been factors in the irregularities. 
The general effects of an increase in the cream acidity, addi-
tion of citric acid to the cream and agitation of the cream dur-
ing ripening in producing higher diacetyl and acetylmethyl-
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carbinol contents in ripening cream are in agreement with the 
results of various studies on butter cultures. Michaelian, 
Farmer and Hammer (6) noted that in a butter culture most 
of the acetylmethylcarbinol plus diacetyl was produced rela-
tively late in the ripening. They also reported that butter cul-
ture organisms could destroy acetylmethylcarbinol plus diacetyl, 
with high acidities 'tending to' retard the' destruction and neu-
tralization tending to accelerate it. Hammer (3) indicated the 
importance of citric a;cid as a source of volatile acids in butter 
cultures, and the significance of this compound from the stand-
point o.f development of flavoring materials in butter cultures 
has been emphasized by other investigators. In butter cultures 
that were aerated by shaking, Prill and Hammer (11) obtained 
increases in diacetyl on holding. Virtanen (15) observed that 
if the ripening process was conducted in thin layers, the pro-
duction of dia;cetyl and acetylmethylcarbinol was especially 
active. A large increase in production of diacetyl and acetyl-
methylca.rbinol in butter cultures by aeration under pressure 
was reported by Brewer et al. (1). 
Variations in the results obtained with different butter cul-
tures are in agreement with commerciaJ experience; -also, they 
emphasize the necessity of proper selection of the cultures to 
be used in manufacture of unsalted butter. 
The general effects of certain cream-ripening procedures in 
increasing the diacetyl and a.cetylmethylcarbinol contents of 
cream and also the score of butter held under certain conditions 
indicate the importance o.f dia;cetyl as a flavor constituent of 
butter. Irregularities between diacetyl contents of the cream 
and scores of the butter involve the degree of retention of di-
acetyl in the butter ,and also overshadowing of. the desirable effect 
of diacetyl through off-flavors of various types in the butter; 
presumably the off-flavors involve both bacteriological and chem-
ical changes. 
Variations in the ratios of the diacetyl and acetylmethylcar-
binol contents of the cream and of the corresponding butter 
suggest that significant differences occur in the churning proc-
css, even when an attempt is made to carry it out on a uniform 
basis. Differences probably include not only the degree of re-
tention of buttermilk in the butter but the rates of diacetyl 
and acetylmethylcarbinol production during the churning proc- ' 
ess (12) and the loss of these materials dUl,"ing the washing of 
butter (8). Hoecker and Hammer (4) also reportec1 va,dations 
in the degree of retention of diacetyl and acetylmethylcarbinol 
during churning. _ . "" 
Increases and decreases in the diacetyl and acetylmethYl. 
cal'bi~ol contents of butter uncleI' variou\> holding. ' COllditjqns 
emphasize that changes in these compounqs go on in but.ter 
just as they do in a butter culture. 'l'he increases presumabiy 
~49 
playa part in the flavor development that unsalted butter made-
with butter culture so commonly shows, especially for a short 
period immediately after it is made, while thc decreases may 
explain the rapid loss of flavor that this type of butter some-
times undergoes. It may be that with unsalted butter a short 
ripening period on ·a rather standardized basis for the butter 
itself would be advantageous from the standpoint of flavor 
dJ)yelonment (14;). 
(1) 
( :3 ) 
( 3 ) 
(±) 
( 5 ) 
( 6 ) 
( 7 ) 
( 8 ) 
( 9 ) 
(10) 
(11) 
(12) 
(13) 
(H) 
(15) 
(16) 
(17) 
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Ripen-
\ 
'.friui ing 
no. temp. 
----
70°F . 
1 70 
70 
----
70 
2 70 
70 
70 
3 70 
70 
70 
4 70 
70 
70 
5 70 
70 
70 
6 70 
70 
70 
7 70 
70 
'I'ABLE 1. DIACETYL (Ac,,) AND ACETYL1~ETHYLCARBINOL (Arne) CON'rENTS OF 
SWEET CREAM RIPENED TO VARIOUS ACIDITIES. 
Laboratory trials 
. 
Cream Cream 
Ripen-
% I Ae2 Arne 'rrial ing % 
acid pH p.p.m . p.p.m. no. temp. acid pH 
----------
0. 37 5.13 0.84 35 .6 
.H 4.89 1.49 42.9 70°F. 0. 35 5.54 
.51 4 .67 2.28 52.4 8 70 .40 5.32 
70 .44 5.09 
------
.33 5.54 .46 30.9 65 .42 5.02 
.38 5.43 .59 34.1 9 65 .47 4.81 
.44 5.14 .74 40.7 65 .51 4.77 
65 .56 4.73 
.35 5.60 .27 24 .8 65 .30 5.47 
.38 5.50 .34 25.9 10 65 .36 5.23 
.42 5.45 .39 27.2 65 .40 5.15 
65 .44 5.00 
------
.34 5.71 .52 39.6 65 .46 4.77 
.40 5.45 .60 41. 3 11 65 .50 4.75 
.44 5.35 .63 41. 7 65 .53 4.71 
65 .59 4.67 
----------
.33 5.63 .48 37.6 60 .34 5.61 
.39 5.49 .50 38.5 12 60 .38 5.55 
.44 5.34 .61 42.2 60 .42 5.50 
---------
.35 5.24 .75 34.8 60 .37 5.57 
.42 5.18 1.05 37.7 13 60 .49 5. 12 
.49 4.48 1.67 50 .4 60 .54 4.98 
----------
.41 5.40 .31 25.9 60 .33 5.78 
.50 5.12 .37 28.0 14 60 .39 5.45 
.55 4.95 .44 29.0 60 .45 5.28 
Ae2 
p.p.ill. 
0.52 
.57 
.72 
.90 
1.05 
1.05 
1.75 
.71 
.74 
.72 
.75 
1.14 
1.30 
2.78 
2.32 
.40 
.47 
.32 
.57 
.56 
.44 
.58 
.59 
.60 
Arne 
p .p.m. 
33 .8 
38.3 
45.4 
36.8 
39.4 
42.4 
55.4 
19.4 
17.3 
12.0 
12.0 
60.0 
61.2 
68.6 
85.8 
I 
23.7 
25.9 
27.3 
26.8 
29.8 
29.0 
43.8 
44.9 
47.3 
~ 
<:Jl 
o 
00 .38 5.22 1.40 34.9 
l!i 00 .44 5.05 1.45 38.1 
60 .49 4.84 1.70 52.4 
.. 
60 .38 5.12 1.02 36.3 
16 60 .46 4.89 1.52 41.4 
60 .52 4.70 1.77 52.5 
60 .36 5.48 .62 28.0 
17 60 .41 5.29 .84 28.5 
60 .46 5.01 .98 32.6 
00 .36 5.42 .84 44.4 
18 60 .40 5.25 .85 44.6 
60 .45 5.09 .97 48.4 
--- -----
60 .32 5.78 .66 44.4 
19 60 .39 5.52 .70 45.4 
60 .44 5.38 .72 52.1 
32 .14 6.46 .28 16.5 
55 .28 5.49 .56 19.9 
20 55 .34 5.34 .82 13.1 
55 .39 5.21 .86 15.2 
55 .44 5.09 .60 15.5 
32 .19 5.62 .27 10.0 
55 .41 5.11 .87 31.4 
~1 55 .44 5.Q5 .97 31.4 
55 .51 4.86 1.03 39.5 
55 .54 4.80 1.17 40.8 
- ------
55 .44 4.91 1.44 59.1 
22 55 .49 4.79 1.54 60.6 
55 .53 4.77 1.73 65.7 
55 .58 4.73 2.06 74.1 
55 .27 5.65 
23 55 .35 5.33 
55 .40 5.03 
,,5 .44 4.82 
32 .18 6.43 
55 .29 5.53 
24 55 .35 5.38 
55 .43 5.21 
55 .48 4.92 
32 .10 6.54 
55 .36 5.06 
25 55 .42 4.97 
55 .48 4.84 
55 .52 4.78 
32 .20 6.39 
55 .41 5.15 
26 55 .50 4.85 
55 .55 4.75 
55 .60 4.69 
32 .18 6.57 
55 .30 5.85 
27 55 .34 5.81 
55 .42 5.67 
55 .45 5.56 
55 .28 5.80 
28 55 .33 5.61 
55 .36 5.42 
55 .43 5.19 
55 .35 5.17 
29 55 .45 5.05 
55 .51 4.87 
55 .56 4.74 
55 .35 5.72 
30 55 .39 5.56 
55 .43 5.35 
55 .45 5.36 
.59 
.69 
.72 
.84 
.20 
.62 
.71 
.75 
.84 
.23 
.90 
1.11 
1.20 
1.84 
.21 
1.13 
1.72 
2.02 
3.86 
.12 
.46 
.27 
.24 
.19 
.59 
.65 
.72 
.74 
.57 
.67 
.56 
1.12 
.56 
.59 
.60 
.61 
21.6 
24.9 
26.9 
34.0 
9.9 
29.2 
31.2 
31.2 
32.4 
3.5 
34.5 
37.7 
46.7 
52.8 
9.4 
39.9 
51.3 
69.6 
81.0 
14.1 
2.5 
2.5 
2.3 
2.2 
25.9 
25.9 
30.6 
35.0 
-----
21.9 
22.4 
23.9 
35.8 
45.4 
46.0 
47.0 
50 .4 
~ 
C.lI 
..... 
, 
Rlpen-
Trial ing 
no. temp. 
50"F. 
31 50' 
ro 
50 
32 50 
50 
-----
50 
33 50 
50 
---
TABLE 1. DIAOE'l'YL (Ae.,) AND ACETYLME'l'HYLCARBINOL (Ame) CONTENTS OF 
SWEET OREAM RIPENED TO VARIOUS ACIDITIES-Continued. 
- --
Laboratory trials 
Cream Cream 
Rlpen-
% .'I.e. Ame Trial ing % 
acid pH p.p.m. p.p.m. no. temp. acid pH 
0.33 5.62 0.89 42.9 5O"F. 0.37 5.13 
.39 5.42 .90 44.0 34 50 .45 4.99 
.46 5.17 1.12 45.7 50 .50 4.85 
.40 5.36 .60 2i.4 50 .33 5.68 
.51 5.04 .82 32.2 35 50 .39 5.52 
.58 4.90 1.04 35.2 50 .43 5.43 
----
.33 5.66 .79 4().2 50 .40 4.96 
.40 5.4() .85 42.7 213 50 .44 4.84 
.48 5.20 1.00 44.8 50 .50 4.72 
-
Ae. Amc 
p.p.m. p.p.m. 
1.12 35.& 
1.14 38.6 
1.85 58.8 
.55 25.8 
.62 27.9 
.64 30.5 
1.32 37.2 
1.6.3 46.6 ~ t-:I 
2.03 53.7 
f'53 
1'ABr~F] 2. DIACETYL (Ac~) AND A(,ETYJ~~lETllYLCARBINOL (Ame) CON· 
TENTS m' NEUTRALIZED SOUR CREAM RIPl~NED '1'0 
YAI~IOU S ACIDITIES. 
Laboratory trials 
Cream 
Hipeu-
'I.'rial iog % AC2 Amc 
no. temp . aciel pH p.p.m. p.p.m. 
------- ------ ------ -----
32" .F. 0.15 G.89 0.37 22.2 
62 .34 5.23 1.35 27 .2 
62 .3G 5.10 1.83 39.8 
G2 .39 G.OO 2.11 55.6 
D2 .42 4.9:; 2.57 75.3 
------
32 .14 6.75 .35 23.3 
2 60 .32 5.70 1.41 43.1 
60 .37 5.14 1.81 44.2 
60 .42 4 .85 1.00 50.6 
------- ------
32 .14 6.69 .55 20.9 
3 58 .31 5.36 1.40 23.8 
'58 
.40 4.99 1.73 24.0 
58 .44 4.70 2.11 24.3 
f154 
TABLE 3. DIACETYL (A",,) AND ACETYLMETHLYCARBINOL (Arne) CON· 
TENTS m' SWEET (Swt.) OR NEUTRALIZED SOUR (Sr.) CREAM 
RIPENED TO VARIOUS ACIDITIES. 
Scmi-commcrcial lrials 
Cream 
Ripen-
Trial 'l'ype of ing % Ac. Amc 
no. cream temp. acid pH p. p. m. p. p. m. 
------ --------
Swt. 53'F. 0.36 5.39 0.~4 11.8 
1 Swt. 53 .42 5.23 .48 11.9 
Swt. 53 .49 4.91 .54 15.3 
----- r--- ------------Swt. 53 , .35 5.34 .43 17.9 
2 Swt. 53 I .40 5.26 .00 24.0 Swt. 53 '. .45 5.17 .72 38.5 
-----------
Swt. 53 .35 5.33 .46 20.4 
3 Swt . 53 .42 5.12 .68 25.7 
Swt. 53 .48 4.95 .97 30.1 
----
4 Swt. 50 .48 4.79 4.23 37.4 
Swt. 50 .52 4.73 4.80 101.4 
._----
5 Swt . 52 .48 4.90 2.94 87.4 
Swt. 52 .51 4.38 3.78 62.2 
6 Swt. 54 .35 5.33 1.19 28.9 
Swt. 54 .40 5.15 1.23 32.5 
---- -----
7 Swt. 55 .38 4.98 1.24 23.8 
Swt. 55 .46 4.85 2.15 32.8 
---- ----.------
8 Sr. 51 .31 5.35 1.55 62.0 
Sr. 51 .35 5.26 1.95 72.4 
----
Sr. after past. .23 6.52 .21 21.7 
9 Sr. plus culture .26 6.47 .28 34.0 
Sr. 54 .32 5.9"2 .67 34.1 
Sr. 54 .38 5.69 .76 31.7 
------ ------
-----_._-
------------
Sr. after past . .17 6.58 .56 29.8 
10 Sr. plus culture .18 6.52 .62 36.0 
Sr . 53 .37 5. 29 1.88 64.7 
Sr . fi3 .49 4.98 1.49 28.8 
'i55 
TABLE 4. DIACETYL (Ae,) AND AOETYLl\f.ETHYLCAR~INOL (Ame) CON· 
TENTS OF SWEET CREAM RIPEN;ED WITH AND WITHOU'l' ADDED 
CITRIC ACID TO ABOUT THE SAME ACIDITIES. 
Laboratory trials 
Cream 
% citric Ripen-
Trial acid iog % AC2 Amc 
no. added temp. acid pH p. p. m. p. p. Ill. 
----- --------
I 0.00 55°}"'. 0.36 5.06 0.90 34.5 
.05 55 .35 5.15 1.01 32.6 
-----
2 .00 55 .42 4.97 1.11 37.7 
.05 55 .40 5.m 1.45 36.5 
----- ----
3 .00 55 .48 4.85 1.20 46.7 
.05 55 .46 4.91 1.49 49.2 
------
4 .00 55 .52 4.78 1.84 52.3 
.05 55 .50 4.81 2.52 55.2 
5 .00 55 .30 5.85 .47 12.5 
.05 55 .32 5.73 .98 18.5 
6 .00 55 .34 5.81 .27 2.5 
.05 55 .35 5.6! .98 13.1 
---- ----
7 .00 55 .36 5.67 .24 2.J 
.05 55 .36 5.61 .63 5.~ 
I :~=~ ~--8 55 .37 5.56 .18 2.2 55 .37 5.51 .56 2.7 
----- -----
9 .00 55 .56 4.74 1.19 35.8 
.05 55 .57 4.72 1.27 44 .4 
----- ------ ---- ----
10 .00 55 .39 5.19 .75 35.0 
.05 55 .39 5.19 .78 58 .6 
- ----
----._--- ----
11 .00 54 .30 5.69 .20 10.2 
.05 54 .31 5.65 .25 12.1 
------
----
12 .00 54 .34 5.52 .19 10.8 
.05 54 .34 :i .. ,5 .20 12.5 
------ ----
13 .00 55 .35 5.56 .59 46.0 
.05 55 .34 5.58 .66 54.4 
------ _ ." 
-----
14 .00 60 .42 5.02 .87 37.9 
.10 60 .41 5.01 1.09 45.1 
9 56 
TABLE 5. DIACE'l'YL (Ac,) AND ACE'l'YLMETIIYl:'CARBINOL (Amc) CON· 
TENTS O~' NEUTRALIZED SOUR CREAM RIPENED WITH 
VARIOUS AMOUNTS OF ADDlm CITl~lC 
ACID TO ABOU'l' 'l'lIE SAMl-: ACIDl'l'ms. 
Laboratory trials 
Crcum 
% citric Ripcn-
rrrial acid ing % AC 2 Amc 
no. added tcmp. acid 1)11 p. p. m. p.p.m . 
---------
0.00 6Q°F. 0.37 5.14 1.80 44.2 
1 .0:; 60 .36 5.14 1.80 48.0 
.10 60 .38 5.00 1.80 57.2 
.15 60 .3D 4.00 2.02 58.3 
------ ----
.00 60 .44 4.75 1.81 37.4 
2 .05 60 .45 4.76 2.44 56.2 
.10 60 .47 4.68 2.72 72.2 
.15 60 .44 4.74 2.72 78.0 
----- ----
.00 58 .40 4.00 1.73 24.3 
3 .05 58 .37 5.20 1.57 32 .3 
.10 58 .39 5.05 2.00 44.4 
.15 58 .42 4.93 2.17 48 .6 
---------------- --------
.00 58 .44 4.79 1.70 24.0 
4 .05 58 .45 4.76 2.62 44.D 
.10 58 .45 4.75 3.09 G!J.3 
.15 58 .45 4.74 3.24 64.D 
-----
5 .00 6.3 .43 4.73 1.59 33.2 
.10 63 .44 4.71 2.00 73.2 
----- -----
6 .00 63 .47 4.67 2.90 33.9 
.10 63 .4D 4.63 3.76 77.4 
--_._-
.00 62 .42 4.92 1.41 31.1 
7 .05 62 .43 4.92 2.57 38.1 
.10 62 .45- 4.90 3.37 76.8 
.15 62 .48 4.82 3.93 80.4 
.00 G2 .42 4.92 1.41 3l.1 
8 ,0;; 62 .37 5.10 1.8J 39.8 
.10 62 .39 5.00 2.11 55.6 
.. 15 62 .42 4.95 2.57 75.3 
957 
'I'ABLE 6. DIACETYL (AC.2) AND ACETYLME'I'HYLCARBINOL (Amc) CON· 
TENTS OF SWEE'I' (Swt.) Ol~ NEUTHALIZED SOUR (Sr.) CREAM 
RIPENED WITH AND Wl'l'HOUT ADDED CITRIC ACID TO 
Trial 
110. 
'l'Yl'e o[ 
cream 
Swt. 
Swt. 
ABOU'l' 'I'HE SAME ACIDI'l'IES. 
% citric 
acid 
Ilc]dcd 
0.00 
.05 
Semi-commercial trials 
Hipcn-
ing 
temp. 
Cream 
% AC2 I Amc 
acid pH p. p. m. 1'.1'. Ill. 
- -- 1-- -- -----
O:~~ ng --~:~ --I 1~.~ 
Swt. 
Swt. 
.00 
.Oil 
50 
50 --:~~ -!:~i --::iC-! ~I:~ -
- --- 1·----- - --- -- ---- - --------- - --- -
Swt. 
Swt. 
.00 
.05 
53 
53 
.42 
.44 
5.29 
5.24 
1.50 
2.28 
40.2 
50.0 
----I-~-- - - -- .--- - - - - ---- - - --- - ---- -
Swt. 
Swt. 
Sr. 
Sr. 
.00 
.05 
.00 
.05 
61 
51 
51 
51 
.51 
.5;] 
.:Jl 
.3J 
4.8~ 
4.77 
5.35 
5.20 
3.78 
5 .00 
l.G5 
1.0i 
(;2.2 
97.0 
02.0 
62.0 
- --- 1·----- -.----- - - - - ---- - - - - - -
Sr. 
Sr. 
Sr. 
Sr. 
.00 
.0:; 
.00 
.05 
54 
54 
.3" 
.37 
.:37 
5.92 
5.u5 
.07 
s·) 
1.40 
1.00 
3·LO 
30.0 
39.3 
3:J.2 
TABLE 7. DIACE'l'YL (Ac.2) AND ACETYLMETHYLCARBINOIJ (Amc) CON· 
TENTS OF SWEE'I' (Swt.) OJ~ N~~U'l'RALIZED SOUR (Sr.) CR,EAM 
RIPENED WITH AND WITHOUT AGI'I'A'I'ION. 
Laboratory trials 
Cream 
Ripen-
Trial Type of Agita- ing % 
no. cream tion temp. aciel 
1 Swt. - OO°F. 0.25 
Swt. + 00 .20 
------ - - - - -
------
----
2 Swt. - 00 .52 
Swt. + GO .52 
----
----
3 SlI't. - 00 .55 
Swt. + GO .50 
------ - ---
4 Swt. - 70 .20 
Swt. + 70 .26 
._-- -
- ---
5 Swt. - 70 .35 
Swt. + 70 .35 
---- -----
6 Swt. - GO .27 
Swt. + 00 .26 
7 Swt. - C,() .47 
Swt. + 00 .45 
----
8 Sr. - 63 .43 
Sr. + 63 .44 
!I Sr. 
- 63 .47 
Sr. + 63 .46 
AC2 
pH p. p. m. 
----
0.31 0.53 
0.J3 .84 
--- - - ---- -
4.81 2.35 
4.80 4.H 
----
--- --
4.07 1.40 
4.69 3.35 
I 6.01 .43 6.01 1.22 
I 
----
5.65 .52 
5.68 1.35 
----
- - - - -
5.32 .78 
5.46 1.08 
--- - -
5.0-2 .87 
5.20 1.61 
--- - -
4.73 1.59 
4.78 2.40 
4.67 2.90 
4.70 3 .26 
A 
p.] 
mc ), m. 
_.-
1 
4 2.7 
00.0 
7' 
11 
2.7 
0.0 
) 
-
5 ~ .0 
08.0 
2 
5 
8.9 
V.V 
3 
7 
1.3 
8. 3 
--
--
3 0.6 
2.0 4 
3 7.9 
50.3 
33.2 
6 .1 4 
3 
5 
3.9 
1.8 
f158 
TABLE 8. DIACETYL (Ac.,) AND ACETYLMETHYLCARBINOL (Arne) CON· 
TENTS OF SWEET (Swt.) OR NEUTRALIZED SOUR (Sr.) CREAM 
RIPENED WITH AND WITHOUT AGITATION AFTER 
ADDITION OF 0.1 PERCENT CITRIC ACID. 
Laboratory trials 
Cream 
Ripen-
Trial Type 01 Agita- ing % Ac. Amc 
no. cream tion temp. acid pH p.p.m. p. p. m. 
---- -----
Swt. 70'F. 0.38 5.34 0.77 39.6 
Swt. + 70 .37 5.49 1.46 79.5 
---- -------
2 Swt. 70 .45 4.98 .91 42.7 
Swt. + 70 .47 5.14 1.90 96.9 
--------
Swt. 60 .41 5.01 1.00 45.1 
Swt. + 60 .40 5.02 1.57 61.0 
----
----- - -- - --
Swt. 60 .49 4.74 1.73 65.3 
Swt. + 60 .46 4.92 2.75 101.2 
-------- ---- - - --
5 Sr. 63 .47 4.71 2.66 73.2 
Sr. + 63 .46 4.71 3.50 83.9 
-------- -------- -----
--- - - -
6 Sr. 63 .50 4.63 3.27 77.4 
Sr. + 63 .50 4.65 5.60 10!l.7 
'rABLE 9. DIACETYL (Ac~) AND ACETYLMETHYLCARBINOL (Arne) CON· 
TENTS OF SWEET (Swt. ) OR NEUTRALIZED SOUR (Sr.) CREAM 
RIPENED WITH AND WITHOUT AGITATION. 
Semi-eommercial trials 
Cream 
Ripen-
Trial Type of Agita- Ing % Ae. Arne 
no. cream tion temp. acid pH p. p. m. p . p . m. 
.-- -----
1 Swt. '- 52'F. 0.48 4.76 3.28 76.1 
Swt. + 52 .48 4.80 5.90 164.0 
--- ----
2 Swt. - 54 _35 5.33 1.19 28.9 
Swt. + 54 .33 5_35 2.80 67.8 
----
3 Swt. - 55 .38 4.98 1.24 23.8 
Swt . + 55 .37 4.97 1.91 65 .8 
._---
4 Sr. 
-
55 .37 5.34 1.40 39.3 
Sr. + 55 .36 5.41 2.12 78.0 
---- -- --
5 Sr. - 53 .49 4.98 1.50 28 .8 
Sr. + 53 .45 5.15 1.63 39.1 
TABLE 10. DIACETYL (Ac,) AND ACETYLMI~THYLCARBINOL (Ame) CON'l'ENTS OF SWEET CREAM RIPENED AT DIF· 
FEl<ENT TgMPERATURES TO ABOUT THE SAME ACIDl'rIES. 
Trial 
no. 
Laboratory trials 
,_~ __ ~ ______ c~ream Cream 
Rh)en-
ing 
temp. 
% 
acid 
Ae" Allie '1'rinl ing % Ae, I Rloen-
pH p . p. m. p. p. m. no. temp . aeii! pH p.p.m. 
Arne 
p.p .m. 
I--~ 0. 33 1- 5.G~·--I--0-:----:-.9- ------~n. - 0.33 --~:-- --~~:-- --:~--
60 .32 5.78 .66 .14.4 10 60 .34 5.61 .40 23.7 
70 .33 _1_~~ ____ _ ._48 ____ 3i.5__ 70 .35 5.60 _~ ___ ~~ __ 
50 .30 5.42 .89 4;; .0 50 .30 5.52 .62 27.9 
60 .30 5.52 .70 45.0 11 60 .38 5.55 .47 25 .9 
70 .30 5.49 .49 38 .5 70 .38 5.50 .34 Z5.9 
- --I - - -- - - .. ----- ---1---1---------
50 .43 5.43 
5.43 
5.45 
.64 
.39 
.39 
30.5 
27. 3 
27.:? 
50 .46 5 .17 1.12 
3 60 .44 5.38 .72 
70 .44 5.34 .61 
'5.7 
52.1 
42.2 
12 GO .42 
70 .42 
---I ---- - --
60 .40 
1-- -1----1-----
4.96 · 
5.12 
5.13 
1.32 
1.02 
.84 
37 .~ 
36.:: 
35 .6 
50 .33 5.66 .79 
60 .33 5. 78 .58 13 60 .38 
-----1; ;~; --i:;; ----:-;;----1- !;T- l4 ~ ~---:-:-~~-----~:-~---I- :~]--
70 .40 5.43 .60 41. 3 70 .44 4.89 1.49 43.0 
:47 - '5-:;-0 - --I-:ro-I-~ 50 .51 --4.72" ~--
70 .Wl 
40.2 
43.8 
39 .6 
6 
IiO 
60 
· 70 
.45 5.28 .60 47.3 15 60 .52 4.70 1. 77 
.44 5.35 .63 41.7 70 .51 4.67 2.28 
5:~. 7 
5~.5 
52.4 
I IiO I .40 5.~6 - --JiO- -~ -------w--- --.-37-- 5.13 -u2'-- ---;:;·.fi 
60 .37 5 .57 .57 26.8 16 60 .36 5.22 1.40 :l4.n 
70 .40 5.40 .31 26.0 70 .35 5.24 .75 34.8 
---I ----------------
50 .51 5.04 .82 32.2 50.45 4.99 1.45 38.6 
8 60 .49 5.12 .66 29.8 17 60 .44 5.05 1.45 38 .] 
70 .50 5.12 .37 28.0 70 .42 5.18 1.05 27.6 
---- - --- ---- -_. 
50 .58 4.90 1.04 35.2 50.50 4.85 1.85 58.8 
9 60 .54 4.98 .44 29.0 18 60 .49 4.84 1.70 52.4 
70 .55 4.95 .44 29.0 70 .49 4.84 1.67 50.4 
I'f) 
01 
<:0 
1160 
TABLE 11. DIACETYL (Ac,,) AND ACETYLM;ETHYLCARBINOL (Arne) CON· 
TENTS OF SWEET (Swt.) OR NEUTRALIZED SOUR (Sr.) CREAM 
RIPENED AT DIFFERENT TEMPERATURES TO 
ABOUT THE SAME ACIDITIES. 
Semi-commercial trials 
Cream 
Ripeo-
rrrial Type of I iog % Aeo Am e 
00 . cream temp. acid pH p. p. m. p. p. 111 . 
---------
Swt. 55"F. 0.55 4.~5 2.57 36.8 
1 Swt. 62 .55 4. 85 2 .74 42.6 
Swt. 70 .57 4.72 2.99 45.8 
----
----- ----
2 Swt. 62 .55 4.65 1.95 42. 9 
Swt. 70 .52 4.73 1.92 33 .0 
3 I Swt. 61 .34 4.99 1.68 
36 .2 
Swt. 70 .36 4.93 .79 8.2 
----1---- ----- -------------4 ~r. 62 .50 4.83 2.06 45.1 
Sr. 70 .51 4.i5 2.13 46.2 
I 
